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BACKGROUND OF THE INVENTION 

1. Related Applications 

This application is a continuation in part application of U.S. Patent No. 
6,298,633 filed on February 3, 1999. 

2. Field of the Invention 

The present invention is directed to spacers for mounting fasteners in sandwich 
panels, a method of installing the spacers so that the spacers are flush with an upper 
surface of the panels and can provide a liquid tight seal and a resultant improved panel 
assembly, such as a floor of an aircraft. 

3. Description of Related Art 

In the aerospace field a premium is placed upon light-weight but strong structural 
components. For example, a floor of an aircraft must be lightweight and strong and also 
must accommodate the stresses imposed upon the bulkhead by the flexing of the wings 
during flight. The aircraft industry uses sandwich panels that are fastened to spars and 
bulkheads by a large number of fasteners that are secured to the panels by extending 
through corresponding spacers mounted in the panels. Frequently, the sandwich panels 
are formed of thin aluminum face plates with expandable aluminum foil strips to form a 
core or laminated plastic resin upper and lower surface face sheets that sandwich a 
honeycomb interior structure of resin and paper. Both configurations provide excellent 
strength to weight or stiffness to weight relationships in comparison to solid metallic 
panels. Alternative face sheets or skins for sandwich panels can include steel, titanium. 



magnesium, aluminum alloys, and alloy steels, while cx)res can also be formed of plastic 
foam, balsa wood, high temperature alloys, plastic syntactic and steel foil. Generally, the 
core is honeycomb and has hexagonal cells with walls perpendicular to the face sheets. 

Composite panels are frequently used in aircraft with high-strength, high- 
modulus, fiber-reinforced, thermostat or thermoplastic resins. However, such fiber- 
reinforced composite panels do not necessarily respond well to localized concentrated 
loading forces. As can be appreciated, when a composite structure is used as a floor 
panel or wall panel in an aircraft, it is frequently necessary to fasten objects to the panels. 
Thus, a number of different fasteners and spacers have been developed to accommodate 
resin sandwich panels and to prevent a localized concentration of loading. 

Some of the problems that have been recognized in the installation of a spacer 
are the necessary chemical compatibility of any fastener or spacer used in sandwich 
panels so that there is not any galvanic corrosion. This issue frequently arises when the 
sandv^ch panels contain carbon fiber, and if the fibers come in contact vAth a less noble 
metallic fastener, there can be corrosion, thus, magnesium, aluminum, aluminum alloys, 
and alloy steels are frequently not compatible with a graphite based structure. 

Another problem that has occurred with mounting fasteners and spacers in a 
sandwich panel is that the panel does not have a significant transverse reinforcement. 
Thus, when a hole is drilled for mounting a spacer , the edge of the hole can be crushed, 
since there is relatively little resistance to a crushing force. 

As can be appreciated, the application of a fastener or spacer to a sandwich panel 
can damage the panel in drilling holes in the panels in that surface ply splintering, 
surface ply delaminating, heat damage, and irregularities inside the hole can occur. 
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When cx>mposite panels are drilled or machined, the natural sealing process of 
lamination is disrupted. In areas where the fibers become exposed, an action can take 
place in which water, fiiel, spilt liquids, etc. can be slowly absorbed through the fiber 
matrix interface into the structure. If the sandwich panels have an aluminum face sheet, 
the liquid can leak into the interior core of the panel. These leakage problems can result 
in weight gain, laminate degradation, and even unpleasant odors. 

It is highly desirable that at most only a minimum portion of a fastener or spacer 
extend above the upper surface of a sandwich panel. One of the approaches in the prior 
art to address this issue has been to provide a rim in a spacer member that is 
mechanically locked by flaring the rim over the edge of the hole. Some installation of 
spacers in an aircraft floor sandwich panel have intentionally dimpled a metallic face 
skin where each spacer is to be inserted in order to insure a flush mounting. Another 
approach has been to provide a sleeve and plug composite spacer with a pair of flanges 
that overlap both sides of the hole. Any protrusions above the upper surface can be 
abraded and can further cause carpet wear. Adhesives can be applied to flanges to 
directly adhere a spacer member to the surface of a sandwich panel. In an attempt to seal 
an aperture in the spacer, ring seal washers have sometimes been used on fasteners in an 
attempt to sealingly compress them in the aperture. Additionally, a potting material of 
an appropriate epoxy can be used for further securing these types of spacers and 
fasteners. 

The aerospace industry generally desires to automate the installation of spacers 
and fasteners to eliminate the high labor cost, wherever possible, particularly when 
hundreds and thousands of fasteners and spacers can be used in a commercial aircraft. 



Thus, the prior art is still attempting to optimize the design of spacers and 
fasteners used in sandwich panels in aircraft and the problems of sealing with a flush 
installation of spacers with a surface of a panel has yet to be optimized. 

OBJECTS AND SUMMARY OF THE INVENTION 
The present invention provides an improved spacer and/or fastener that can be 
mounted within a panel, such as a composite or sandwich structure panel of a 
predetermined thickness with a drilled hole to provide a flush mounting of an upper edge 
of an upper rim member of the spacer with an upper face surface of the panel. A spacer 
can include a body member having a central aperture with a larger lower flange member 
that extends radially outward from the body member. The flange member will bear 
against the lower face surface of the sandwich structure panel. An adhesive can be 
applied between the lower flange member and the lower face surface of the panel to 
assist in securing the spacer to the panel. The upper rim member extends upward from 
the body member and is concentric with the central aperture. The rim member has a 
larger inner diameter, than the diameter of the central aperture, with an inner flange 
extending from the rim member to the central aperture. The spacer will be sized for a 
particular panel thickness, such that the upper edge of the upper rim member will 
initially be extended above the upper panel surface when the lower flange member is in 
contact with the lower panel surface by a predetermined distance. 

A sealing compound or sealant, such as, but not limited to, a thermoplastic resin 
or a silicon resin, can be positioned annularly over the inner flange so that any fastener 
mounted within the central aperture can contact and deform the sealing compound to 
encourage a seal between the spacer and the fastener. Another outer ring or coating of 



sealing compound can be positioned around the outer surface of the rim member to 
facilitate the sealing with the edge of the hole in the sandwich structure panel. 

The resultant combination of the spacer sealed with the panel provides an 
improved panel assembly of particular advantage in wet area applications, such as a floor 
panel in a galley of an aircraft. 

An alternative embodiment of the spacer can provide an upper rim member with 
an indented or annular recess relative to the outer diameter of the body member. A ledge 
or undercut is provided below a coating of sealant to thereby facilitate the carrying of 
the sealant through the sandwich structure panel so that it is positioned adjacent the 
upper edge of the hole or bore in the sandwich panel. Thus, when the rim member is 
contacted by a setting tool designed to provide a specific application of force for seating 
within and flush to the upper surface of the panel, the sealing compound will be 
distributed at the interface between the panel edge and the rim member to automatically 
effectuate a seal. Such a seal can not only render the joint liquid tight but can also 
address the galvanic corrosion problem. The inner diameter of the rim member can be 
undercut with an annular groove to bias the rim member to be deformed into the drilled 
hole. 

Another embodiment of a spacer of the present invention can include a groove 
positioned about an outer diameter of the body member with the groove and surrounding 
surface of the body member coated annularly with the sealing compound. The groove 
helps to carry the sealing compound into the hole in the sandwich panel. 

Finally, the flange can be provided with potting holes, if additional strength and 
support are necessary by applying an epoxy resin into the core of the sandwich panel. 
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Still another embodiment of a spacer of the present invention can include a 
unitary metallic spacer having an upper cylindrical outer surface that can support a coat 
of sealant material and a lower serrated cylindrical surface adjacent a flange that can be 
adhered to a panel surface. Between the upper cylindrical outer surface and the lower 
5 serrated cylindrical surface, the body of the spacer has an outer concave annular groove. 
The upper cylindrical outer surface has a hollow interior with an inner annular groove to 
facilitate a deformation of the upper entrance rim to a flush position with the panel 
surface during mounting. 

The spacers can be installed in a sandwich structure panel by a method of 

10 initially boring a hole in the panel of a dimension slightly larger than the outer 
diameter of the spacer, for example with a diamond edge cutting tool. The spacer is 
then inserted into the hole and has a length that is greater than the thickness of the 
panel. The lower flange of the spacer can be coated with an adhesive to permit a direct 
bonding between the lower flange and the lower surface of the panel. Therefore, the 

15 entrance rim of the spacer will extend above an upper surface of the panel by a 
predetermined distance. A setting tool member having an appropriately configured 
contact surface can be inserted into the spacer so that the curved contact surface of 
the setting tool will compress the entrance rim downward and outward to provide a 
slight outward convex bulge that will assist in locking the spacer into the panel, 

20 while permitting the upper surface of the entrance rim to become flush with the 
upper surface of the panel as it is sealed. 

Altematively, a spacer with a lower serrated surface of a slightly greater 
diameter than the remainder of the upper body can provide a low friction 



engagement with the hole to help maintain the alignment of the spacer during the 
subsequent mounting with a setting tool. 

An alternate setting tool can have an indented flat annular groove with a 
supporting annular cylindrical post to receive the entrance rim and apply a 
downward force to create an outward convex bulge beneath the panel surface as pre- 
designed by the configuration of the inner annular groove. 

The setting tool for applying the force to the upper rim of the spacer can be 
bifurcated into two separate components to permit a replacement setting head to be 
inserted on a hand tool applicator with the replacement setting head providing the direct 
contact force to the rim. 

The sealing compound is thus applied automatically to the hole in the sandwich 
panel with the spacer being the carrier of the sealing compound. This facilitates an 
automatic installation of spacers in the aerospace industry. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The objects and features of the present invention, which are believed to be novel, 
are set forth with particularity in the appended claims. The present invention, both as to 
its organization and manner of operation, together with further objects and advantages, 
may best be understood by reference to the following description, taken in connection 
with the accompanying drawings. 

Figure 1 is a partial cross-sectional view of a first embodiment of the present 
invention; 

Figure 2 is a schematic illustration of preparing a sandwich panel for the spacer 
of the present invention; 



Figure 3 is a schematic view of a partial cross-sectional spacer of the first 
embodiment of the invention mounted within a sandwich panel; 

Figure 4 is a partial cross-sectional view disclosing the application of a mounting 
force on the rim of a spacer mounted in the sandwich panel; 

Figure 5 is a cross-sectional view disclosing a spacer flush-mounted in a 
sandwich panel; 

Figure 6 is a perspective partial cross-sectional view disclosing a spacer mounted 
in a sandwich panel; 

Figure 7 is an elevated view of the spacer with sealing compound of the present 
invention; 

Figure 8 is a partial cross-sectional view of an alternative embodiment of the 
spacer of the present invention; 

Figure 9 is a partial cross-sectional view of another embodiment of the spacer of 
the present invention; 

Figure 10 is a partial cross-sectional view of a floor panel and spacer 
combination fastened to a bulkhead of an aircraft; 

Figure 11 is a prospective view of the spacer of Figure 8; 

Figure 12 is a partial cross-sectional view of still another embodiment of the 
spacer of the present invention; 

Figure 13 is a partial cross-sectional view disclosing an alternative application of 
a mounting force on the rim of a spacer positioned within a sandwich panel; and 

Figure 14 is a perspective partial cross-sectional view disclosing the spacer of 
Figure 12 mounted in a sandwich panel. 
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DET AILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
The following description is provided to enable any person skilled in the art to 
make and use the invention and sets forth the best modes contemplated by the inventors 
of carrying out their invention. Various modifications, however, will remain readily 
5 apparent to those skilled in the aerospace art, since the general principles of the present 
invention have been defined herein specifically to provide an improved panel spacer and 
method and apparatus of installing the same, for example in a floor panel of an aircraft. 

A spacer of the present invention is disclosed in Figure 1. The spacers of the 
present invention can be broadly described as inclusive of panel inserts that are to be 
10 mounted in a sandwich panel structure where an upper edge of a rim is deformed to 
provide an edge which is flush with the perimeter of the hole. The spacer can have a 
smooth central bore whereby a fastener will extend through the bore for mounting with a 
nut or clip nut. Alternatively, the spacer can have a threaded bore to permit a direct 
fastening with a screw or can capture a floating nut for connection with a bolt. As can be 
15 appreciated, various forms of spacers and inserts can generically enjoy the advantages of 
the present invention and accordingly the present invention should not be limited to the 
preferred embodiments set forth herein. 

As can be appreciated, the height of the spacer can vary depending upon the 
particular thickness of a sandwich panel structure. Thus, the body of spacer 2 of the 
20 present invention has a height L so that when its lower flange 4 is adhered to the lower 
surface of a sandwich panel structure, the upper rim 6 will have a height R that has been 
designed in combination with its thickness to be cold-worked or deformed by an 
applicator setting tool of a particular configuration to permit the upper portion of the 
entrance rim to be driven into the sandv^ch panel structure to lie flush with the upper 
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panel surface and to bulge slightly outward beneath the face plate of the panel to assist in 
locking the spacer into the panel structure. The entrance rim 6 can further have a 
beveled upper outer edge 8 of a thickness T. Various modifications of the rim 
configuration can be provided to encourage both a locking deformation and to facilitate a 
5 seal with the panel structure, and accordingly, the embodiments disclosed herein should 
not be considered as limiting the scope of the present invention. 

A central aperture 10 has a diameter substantially less than both the inner 
diameter B and the outer diameter A of the rim 6. A conical tapered entrance 12 to the 
central aperture 10 extends from the lower interior of the rim 6. 

10 The spacer 2 can be formed of a material that is compatible with its 

corresponding panel and which has the capacity to permit deformation of the rim 6 to lie 
flush with the surface of a panel structure and to assist in locking the rim to the panel 
structure. For example, an aluminum alloy 6061 T-6 could be machined to create the 
spacer 2. Other material can be titanium, stainless steel or other metals that can be 

15 formed, for example by cold working. 

As an example of dimensions for a sandwich panel of 0.400 inches in thickness, 
the diameter W of the lower flange can be 0.875 inches, the outer diameter A of the 
body 14 can be 0.435 inches, the height of the spacer L can be 0.455 inches, while the 
thickness of the flange 4 can be 0.020 inches. The height of the rim R can be 

20 approximately 0.070 inches, while the height of the beveled upper edge 8 could be 
approximately 0.035 inches. 

Figure 2 discloses an illustration of a typical panel sandwich structure 16 
wherein a drill 18, such as a diamond bit drill, can provide a hole or bore in a panel to be 
used as a floor in an aircraft. Generally, the bottom surface of the panel is supported 
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during the drilling procedure, for example, by a block of wood. A numerically 
controlled drilling machine can automatically provide the desired number of holes in a 
panel. A numerically controlled drilling machine can automatically provide the desired 
number of holes in a panel The panel 16 has an upper planar face sheet of aluminum or 
5 laminated resin plate 20 and a lower planar face sheet of aluminum or laminated resin 
plate 22. These face sheets can sandwich a honeycomb core structure 24 of cells that 
can be formed, for example, of a resin impregnated paper or thin strips of expanded 
aluminum foil. The honeycomb core 24 forms a low density structure and comprises 
hexagonical cells with walls perpendicular to the face sheets. A wide variety of materials 

10 can be used in the construction of the sandwich core, including high temperature alloys 
of paper, wood, foam, and plastic syntactic, along with steel. Typical application of 
sandwich panel structures in the aircraft industry are floor and ceiling panels, interior 
panels, baggage overhead racks, and galleys. Also the panels are sometimes used for 
instrumentation enclosure, shelves, and bulkhead panels. 

15 While the present invention is particularly adapted for installation in composite 

and sandwich panels where a core structure has a different density than a face sheet and 
the spacer can both seal and be deformed to extend beneath the face sheet, it is also 
contemplated that a solid panel could receive the spacer of the present invention with an 
interference fit. 

20 The nature of the sandv/ich panel structure material is such that it can only carry 

a limited concentrated loading due to its breakable face skins. Selecting a method for 
transmitting loads into and out of the panel is important in a successful utilization of a 
sandwich structure, therefore a large number of spacers are frequently used to distribute 
the total load when fasteners are attached, for example to a bulkhead in an aircraft. 
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Generally, floor panels can be subject to shear, tension, and torque as the typical loads 
that can be applied. 

It also should be appreciated that the present spacers can come in different 
configurations, and the configuration in Figure 1 is provided with a through clearance, 
but could just as easily be with a through-threaded bore or can include, for example, a 
floating nut element. Additionally, the spacer can be supplemented with an epoxy 
potting material to provide a molded-in configuration. The successful application of a 
spacer into a sandwich structure panel will consider the overall thickness of the panel, 
face skin thickness, the type of core, and the desirability of a flush mounting with the 
surface of the face skin. 

While the present invention will be described principally with regard to a spacer, 
for example, that can be used on a floor panel of an integral configuration, it should be 
appreciated that alternative two-part spacers, which include a plug and sleeve assembly 
that can be bonded together, or screwed together, can also be advantageously used, 
particularly by the provision of a sealant material to such spacers. Another type of 
spacer could be of a grommet type through-rivet spacer configuration, which may 
advantageously use the teaching of the sealing compound of the present invention. 

Referring to Figure 3, a spacer 2 can have its flange 4 coated with an adhesive 26 
to enable the flange 4 to be adhered to the bottom surface or face plate 22 of the panel 
16. The relative thickness of the panel to that of the height of the spacer 2 positions the 
entrance rim portion 6 above the surface of the upper face plate 20 by a predetermined 
distance, for example, for a 0.390 inch thick panel the entrance rim extends above the 
face skin of the panel by 0.050 inches. 



-13- 

Referring to Figure 4, a first embodiment of a setting tool 28 includes a specially 
designed contact bi-curved surface 30 for applying force to the upper edge of the rim 6. 
An alignment guide 32 is dimensioned to fit within the central aperture 10 to ensure the 
proper alignment of the setting tool 28. In this embodiment, the curved surface extends 
fi*om the guide 32 with an initial convex surface of 0.176 inches in radius and transforms 
to a concave surface of 0.328 inches in radius. While not shown, an anvil or supporting 
tool can be placed opposite the setting tool 28 against the lower resin plate 22, By the 
proper application of a force with the setting tool 28, the bi-curved contact face surface 
30 can force the rim 6 into the body of the panel 16 until it is flush v^th the surface of 
the upper face plate 20. The alignment guide 32 is joumaled within the central aperture 
10 during this procedure. As can be seen in Figure 5, the outer diameter of the rim 6 will 
also bulge outward in a convex manner beneath the upper face plate 20, as a result of the 
force transmitted by the curved surface of the face surface 30. This bulging 
displacement or convex ring will help lock the upper portion of the spacer 2 in the 
panel 16. 

It is highly desirable to seal the spacer 2 to the upper face plate 20, and in this 
regard, a sealant material, such as a silicone resin fi-om Dow Coming such as a 1-2577 
conformed coating, or other sealing compound can be used. In the preferred 
embodiment, a thermoplastic resin such as a UV Aero-Seal with safety film 616 that is 
sold by ND Industries of Santa Fe Springs, California, as ND VIBRA-TITE® has been 
successfully used. This outer sealant material 34 can be seen in Figure 5 and can have a 
minmum thickness of 0.002 inches annularly about an exterior circumference of the 
cylindrical entrance rim. It is possible to have an excess of deposited sealing material 
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and still effectuate a seal, but it is preferable to minimize any post installation clean-up 
procedure. 

Additionally, another thermoplastic resin sealant material 36 can be provided 
within the spacer 2 to facilitate a further sealing with any fastener, such as a screw with a 
tapered head that is to be subsequentially joumaled within the central aperture 10. This 
sealant material 36 can be an Aero-Seal SB 11, again sold by ND Industries. The 
provision of this outside sealant 34 combined with the deformation of the rim 6 
facilitates a liquid tight sealing of the spacer 2 about the perimeter of the bored hole 
within the upper face plate 20 of the panel 16. Tests have been conducted with water 
pressure set at 30 psi, and a water-tight seal was maintained by both the spacer and the 
method of the present invention. 

Figure 5 discloses the spacer 2 of the first embodiment with an initial position of 
the outside sealant 34 and the inside sealant 36 prior to an insulation of the spacer 2 
within a bore or hole in a panel 16. 

An alternative embodiment of the present invention is disclosed in a spacer 40, 
as shown in Figures 7 and 11. In this embodiment, an entrance rim 42 is configured to 
provide a curved annular groove 44 having a vertical radius of about 0.022 inches 
extending about the inner wall of the entrance rim to facilitate a biasing of an outward 
convex bulging of the rim 42 when it is subject to an application of a force from the 
setting tool 28. The inner upper edge 46 of the rim 42 is beveled to complement the 
curved contact face surface 30 of the setting tool 28 so that a smooth application offeree 
will be generated as the upper edge of the rim 42 is driven down to be flush with the 
surface of an upper face plate 20, while the outer surface of the rim 42 is cold-worked to 
form a convex ring beneath the upper face plate 20. The rim 42 can have an outer 
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diameter 48 of a reduced size, as compared to the outer diameter of the spacer body 50, 
for example by approximately 0.007 inches. This reduction in diameter for 
approximately 0.070 inches in length on an outer surface of the rim 42 provides a slight 
ledge and can facilitate the reception of an outer sealant 34 so that it is not removed nor 
5 scraped off when the spacer 40 is inserted within an appropriate bore in a panel 16, This 
ensures that the outer sealant 34 is available to assist in providing a water-tight seal 
between the deformed or cold-worked rim 42 and the edge of the upper face plate 
perimeter about the bore hole. Again, an inner sealant material can be positioned within 
the inner diameter of the rim 42. 
10 The body 50 can be provided, on its lower surface, with a pair of potting holes 52 

to permit the installation of epoxy potting material to add additional strength to the 
mounted spacer. Each of the present embodiments can include the provision of such 
potting holes. 

As seen in Figure 8, the curved surface 30 of the setting tool 28 contacts the 
15 beveled inner edge 46, and in cooperation with the groove 44 bends the rim 42 
downward and outward to provide an annular bulge beneath the hole in the panel. The 
sealant 34 is compressed between the edge of the panel hole and the outer surface of the 
rim 42 to provide a water-tight seal. Any excess sealant on the surface of the panel 16 
can be wiped off. 

20 Another embodiment of the spacer of the present invention can be seen as 

spacer 54 in Figure 9, and in this embodiment, a V-shaped groove 56 can be provided 
around the body portion 58 so that it can also carry and support the outer sealant 34. 

Referring to Figure 6, a partial cross-sectional perspective view of the 
combination spacer and composite panel of the present invention is disclosed, wherein 
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fasteners can be readily attached, while maintaining a water-tight seal, for example, on a 
floor panel of an airplane. As can be seen in Figure 10, the improved panel 20 with a 
series of spacers 40 permits fasteners, such as screws 60, to extend through the panel 20 
and to be anchored to a bulkhead such as a C-shaped beam 62. A lock nut 64 can secure 
the fastener 60 so that the heads of the fasteners are flush with a horizontal upper surface 
of the panel 20. The sealants insure a water tight seal on both the perimeter of the spacer 
40 and to the head of the fastener 60. 

The panel 20 can be automatically drilled with the spacers 40 installed in the 
panel 20 and then forced into a lock position automatically by application of the contact 
face of the setting tool 28. The first sealant is spread about the perimeter when the 
contact face of the setting tool 28 drives the rim of the spacer 40 downward to be flush 
with the panel surface. The spacer 40 is further deformed to provide a convex bulge to 
secure the spacer 40 to the panel The plurality of fasteners help distribute the load on 
the panel to the beam 62. The second sealant within, the spacer helps seal the head of 
the fastener whereby a watertight seal is provided to the floor panel. 

Finally, while not shown, the setting tool 28 can have a replaceable contact 
surface to permit repairs and rebuilding of the tool 

Figure 12 discloses an alternative embodiment of the spacer of the present 
invention which also, like the other embodiments, can be a unitary metallic spacer that is 
machined from an appropriate bar stock. The spacer 70 has an upper outer cylindrical 
surface 72 that supports a thin coat of the sealant material 74. The base of the spacer 70 
includes the enlarged flange 76 with an annular coating of an adhesive 78 to permit the 
attachment to a panel face. A lower serrated cylindrical surface 80 is positioned 
immediately above the flange 76 and is slightly larger in diameter than the upper 
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cylindrical outer surface 72. Surface 80 provides a hole engaging surface for a friction 
fit with the lower panel face and other surface engaging configurations can be used. The 
splines or serrations can number approximately 26 equally spaced teeth with the tooth 
pattern running horizontal about the bore 82 of the spacer 70. Each tooth can have a 
horizontal angle of approximately 45°. The major and minor diameters of the splines are 
selected to provide an adequate engagement vnth the hole in the lower panel face skin. 
An intermediate body portion of the spacer 70 can have an annular concave groove 86 of 
a dimension to ensure sufficient integrity and strength to the spacer 70 while maintaining 
the dimensions of the internal bore 82. The groove 86 enables a weight reduction to the 
spacer 70 and if auxiliary potting material is used, it helps to further secure the spacer 70 
within a sandwich panel by anchoring the spacer within the potting compound. At the 
top of the serrations or splines 80, a vertically slanted lead angle, e.g., 30° or 45° is 
formed to act as a guide or lead in to the splines 80 to initially engage the hole in the 
panel during insertion of the spacer 70. This lead angle assists in permitting the 
serrations 80 to friction engage the hole, bored for example in a fiberglass panel sheet 
and to reduce any delamination effect. 

The provision of the serrations 80 having a slightly larger diameter than the 
upper cylindrical surface 72 assists in minimizing problems that can occur in the 
automatic installation of spacers in honeycomb composite panels in a production 
environment. In such an environment, large honeycomb composite panels can 
incorporate multiple spacers and can be subject to rough handling before and during an 
accelerated cure of the adhesive on the flanges. Additionally, the drilling of holes in the 
honeycomb composite panels may be slightly oflP-centered in larger and out of round 
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installation holes. The serrations 80 assist in centering the spacer insert to improve the 
sealability. 

Finally, during the cure cycle of the adhesive, outgasing can occur by the 
solvents in the adhesive 78 and create a gas pressure that can tend to dislocate the spacer 
70 from its installation. The serrations 80, by adding a fiictional engagement, help 
counter this possible displacement of spacers. 

As illustrative of possible dimensions for the spacer 70 in Fig. 12 and not as a 
limitation, the initial height of the spacer before the deformation of the entrance rim 88 
can be approximately .460 inches, the diameter of the flange 76 can be .875 inches, the 
intermediate outer body concave groove 86 can include slanted surfaces of 45° with a 
center radius R3 of .057 inches. The axial length Li of the inner groove 84 is 
approximately .065 inches, having an upper radius Ri of approximately .020 inches and 
a lower radius R2 of approximately .027 inches. The entrance rim has a slight inner 
bevel and the thickness of the rim wall between the outer cylindrical surface 72 and the 
inner annular groove 84 is approximately .030 inches. The dimension of the axial length 
L3 of the serrated portion 80 is approximately .080 inches. Finally, the dimension L2 of 
the outer cylindrical surface 72 is approximately .190 inches. These dimensions should 
not be construed as limitations to the scope of the present invention, but rather are set 
forth as possible operative dimensions for an aluminum alloy material of 6061-T6. 

The thickness of the sealant 74 can be approximately .002 inches. While not 
shown, a sealant can also be provided on the beveled surface between the groove 84 and 
the bore 82. 

Referring to Fig. 13, the tool 90 includes an annular flat indented recess 92 for 
applying a downward force on the flat annular rim 88 of the spacer 70. A support post 
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94 assists in alignment of the tool 90 along with the post 96 which is dimensioned to 
enter the bore 82. 

Referring to Fig. 14, a perspective view of the spacer 70 mounted within a 
sandwich panel 100 is disclosed. 

Those skilled in the art will appreciate that various adaptations and modifications 
of the just-described preferred embodiment can be configured v^dthout departing from 
the scope and spirit of the invention. Therefore, it is to be understood that, within the 
scope of the appended claims, the invention may be practiced other than as specifically 
described herein. 



